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Cepuika aas nurupoBanus: Anyuns A.C., [lemunosa I'JI., Baranos [O., Crxeneuxu P. MicciienoBanue cuctem yrpaBlieHHs dJIeK-
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IHOHHBIX TeXHOa0rui, Mexanuku u onTuku. 2020. T. 20. Ne 2. C. 290-300. doi: 10.17586/2226-1494-2020-20-2-290-300
AHHOTALUA

Ipeamert uccaenoBanus. [Ipencrasinen yueOHO-1a00paTOPHBIN CTEHI IS HCCISIOBAHNUS CHCTEM YIPABICHHS HJICK-
Tponpusoxamu. CTeH/T HCHOJIL3YETCs A1l 00yUEeHUsI CTYICHTOB CHCTEMaM YIPaBJICHHs dIEKTPOIPUBOIAMH U ITpe/IHa-
3HAYEH JUIS OBBIICHHS (P PEKTHBHOCTH YCBOCHUsI MaTepuasia. MeToa. B ocHOBY npejiaraeMoro penieHus mojioxeH
METO B3AaUMHOI'O HArpyXCeHUs DJICKTPUUCCKUX MAlllUH, MIMTAEMBbIX OT CHJIOBBIX npeo6pasOBaTeneFl C O6Llll/IM 3BCHOM
MOCTOSTHHOTO TOKA. DTO MO3BOJISIET UCIIONB30BATh OJHY MEKTPUUECKYIO MAIIMHY B KAUECTBE UCTIBITYEMOM, a APYTyI0 —
B Ka4eCTBE HArpy304HOH, 1 Ha000poT. ObecreunBaeTCs NepeTOK MOLIHOCTH OT MAIMHBL, PadOTaIOIIEH B TeHEPaTOPHOM
pexuMe, K MammHe, pyHKIMOHUPYOUIeH B IBUTaTenbHoM. [lonoOHOe penrenne obecneynBaeT SHEprocoeperaommi
PEeKUM pabOTBl — M3 CETH MOTPEOISIOTCS TOIBKO MOIIHOCTH JJISI IIOKPBITHS MOTEPh B CHIIOBBIX NPEe0Opa30BaTeIIsxX
1 MAIIMHHOM arperare. J[is u3ydeHus pa3IndHbIX CTPYKTYp CHCTEM YIPaBJICHUS 3JIEKTPOABUTATENEH ITOCTOSHHOTO
1 NIEPEeMEHHOT0 TOKa MPEUIOKEH CII0CO0 OpraHu3aliy IPOrpaMMHOT0 00ecIIeueHns CO CBOOOTHO KOHPHUTIYpUpPYEeMOn
CTpYKTypoii. OcHOBHBIE pe3yabTarhl. [IpuBeeHO onucaHue J1abopaTOpHBIX CTEHI0B. Kax bl cTeH CONepKUT
JIBYXMAIIMHHBINA arperar, rae 3J1eKTpoABUraTelb I0JIy4aeT MUTaHUEe OT CBOETO MOIYIPOBOAHUKOBOIO IIpeodpa3oBarelis,
YIIPaBIISIEMOTO B PEAIbHOM BPEMEHH MUKPOKOHTPOJLIEpHOH cucteMoit. Co3gaHHOE TPOrpaMMHOE 00ecIieueH e 1M03B0-
JSIET CUHTE3UPOBATh NCCIEAYEMYIO CTPYKTYPY YIPaBICHHUS ¢ TOMOIIBIO HACTPOEK CUCTEMBI ympasienus. Hactpoiika
OCYIIECTBIISICTCS C MCHONB30BAHUEM Psila CBOOOTHO KOHPHUIYPUPYEMBIX YIPABISIONINX 3JIEMEHTOB, KOTOPHIE KOM-
MIIHPYIOTCS B JITOPUTM YHPaBICHHS MUKPOKOHTpoJLIepoM. be3omacHoe BBITOIHEHHE SKCIIEpPUMEHTa 00ecneunBaeT
QJITOPUTM YIIPaBICHHS, pabOTAOMINI BO B3aMMOJICHCTBHH C OCHOBHOM ITPOTrpaMMOii, paboTaromell B pealbHOM BPEMEHH.
Takum o6pa3om, obecriednBaeTCs 3aIlUTa IEKTPOABUTATENICH U CHIIOBBIX IpeoOpa3oBareseil. Hammuare BCTpoeHHBIX
NIPOrPaMMHBIX CPEZICTB 3aLIUTHI T03BOIMIIO JOOUTHCS HaJIG)KHOM pabOThI 2JIEKTPOIPHBOIOB MOIIHOCTHIO 1,5 KBT 1 00e-
CIIeunTh OJIM3KKE K IPOMBIIUICHHBIM XapakTepucTuky. [IpuBeneno nogpodHoe onrcanue 0cOOEHHOCTH J1abopaTopHOro
000py/I0BaHUS U €r0 MPOrPaMMHOT0 00eCHeueHH s Ul CUCTEMbl BEKTOPHOTO YIPAaBIEHHUs aCHHXPOHHBIM JIBUTaTEIEM.
ITpumep neMOHCTPHUPYET HACTPOHKY CUCTEM YHPaBICHH, KOMIMIIALMIO HCTIOTHAEMOTO KOZIa, TPOLIEAYPY MPOBEACHHUS
9KCIEPHMEHTA U aHaIN3 pe3ynsTaroB. IpakTuyeckas 3HAYUMOCTh. PaccMOTpeHHbIE MOAXOAB! K IIOCTPOSHHUIO yIeOHOTO
000py/10BaHUSI MOTYT OBITH IPHUMEHEHBI P MPOEKTHPOBAHUN aHAJIOTHYHOTO y4eOHOTro 000pYJOBAaHUS IO CMEKHBIM
JqucnuIuHaM. [IpencTaBineHHble pe3yabTaThl MOTYT OBITh OJIE3HBI HAyYHBIM U HAYYHO-TIEJATOTHIECKUM PaOOTHHKAM,
3aHMMAFOIIIMCS TTOJIrOTOBKOM CIEHAINCTOB B 00JIACTH CHCTEM YIPABJICHHUS JICKTPOIIPHBOAAMH.

KnwueBble cjioBa
o0y4eHHe, CUCTEMBI YITPABICHUSI AJICKTPOIIPUBOJIOB, TabopaTopHOEe 000pYI0BaHKE, HACTPOIKA
Baarogapuoctn
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Abstract

Subject of Research. The paper discusses design principles of educational laboratory bench for practical research
of electric drive control systems. The laboratory bench provides training opportunities for students in “Control of
Electrical Drives” course and is used to increase the efficiency of material acquisition. Method. The proposed solution
was based on the method of mutual loading of electric machines powered by the power converters with a common
direct current link. At that, one electric machine can be used as a tested one, and the other as a load one, and vice versa.
The flow of power from a machine operating in generator mode to a machine operating in motor mode was ensured,
which provides an energy-saving mode of operation when power is consumed only from the network to cover losses
in power converters and the machine unit. To study the various structures of control systems for direct and alternating
current motors, a method for software creation with a freely configurable structure was proposed. Main Results. The
paper describes laboratory stands that contain a two-machine unit, where each electric motor receives power from
its power semiconductor converter controlled by a real-time microcontroller control system. The software has been
implemented for the synthesis of the control researched structure using the control system settings. The system setting
is performed by a number of freely configurable control elements, which are then compiled into a control algorithm for
the microcontroller. To ensure the safe execution of the experiment, the control algorithm works in conjunction with
the main on-line software. Thus, protection for electric motors and power converters is provided. Thanks to the built-in
protection software, it has become possible to achieve reliable operation of electric drives with the power of 1.5 kW,
as well as to realize characteristics close to industrial ones. The paper describes in detail the features of laboratory
equipment and software for the system of an induction motor field-oriented control. This example demonstrates the
setting of control systems, compiling of executable code, an experiment procedure and evaluation of results. Practical
Relevance. The considered approaches to the educational equipment creation can be used in the design of similar
educational equipment in related disciplines. The results are applicable for scientific and research-pedagogical staff
during the course of specialist training in the field of electric drive control systems. The presented equipment has been
actively used for more than 5 years and can be of practical value in the educational process.
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BBenenue

JlaboparopHasi MPaKTHKA C IPUMEHEHHUEM KOMIIbIOTEP-
HBIX TEXHOJIOTHUII SBIISIETCS HEOTHEMIIEMOI COCTaBIIIOMIEH
BBICIIIETO 00pa30BaHMS B TEXHHYECKOH cdepe. OCHOBHASA
4acTh J1a00paTOPHBIX PabOT COCTOUT W3 CEPUU 3aTaHHI
JUISl IPOBEJ/ICHHSI SKCIIEPUMEHTOB T10]1 HAOIIOJICHUEM TTpe-
nofasareneit [1].

Just 5 hexTHBHOTO M3yUeHHUs HIIEKTPUYECKUX MaIInH
1 3JIEKTPONPHUBOIOB HEOOX0OMMA JIEMOHCTpalus pado-
TBI peajbHOro obopynosanus [2, 3]. ITockonbKy coBpe-
MEHHBIH 3JIEKTPOIIPHUBO] IIPEACTABIIET COO0H CIOXKHYIO
CUCTEMY, OOBEIUHSIONIYI0 HOBEHIINE pa3pabOTKH B 00-
JACTH JIEKTPOTEXHUKH U JIEKTPOHUKH, ydeOHas Ipo-
rpamMMa I10 CHCTEMaM JIEKTPONPUBO/IA IOJDKHA OTPAXKATH
MOCIIEIHUE AOCTIKEHNSI B O0JIACTH 3JIEKTPOABHUTATENEH,
CHJIOBO SNIEKTPOHUKH M CPEACTB ympasieHus. Ceroqus
EKTPUUECKUE CHCTEMBI SIIEKTPOIIPUBOA SIBIISIOTCS OC-

HOBHOH TEXHOJIOTHEN B IPOMBIIITIEHHBIX U OBITOBBIX MPHU-
MEHEHUSX, HOTPEOIAIOUINX TOYTH MOJOBUHY 3HEPIHH,
MIPOU3BOANMOI B Mupe, ¢ mporHozoM 13 000 TBT 4 B rox
k 2030 romy [4].

CoBpeMeHHOE KOMITBIOTEPHOE YIpaBJICHUE DIIEKTPO-
NPUBOJAMH OCHOBAHO Ha HU(POBBIX TexHOIOrusX. OHO
UCIIOJIB3YET CIIOXKHBIE 3aKOHBI YIIPABICHUS M aJlTOPUTMBI,
BCTPOCHHBIE B IIPOLIECCOP, ISl 0OECIICUeHHs KeTaeMOoi
PaboThI CHITOBBIX ITpeoOpa3oBaTeeii 1 MEeKTPOBUTATEINCH.
3a mocieaHne /1Ba NECSATUICTHS BBITOJIHEHHE J1abopaTop-
HBIX padOT MOIHOCTBIO N3MEHHUIIOCH OJIarofapsi BHEPEHHUIO
IU(GPOBBIX KOMIIBIOTEPU3UPOBAHHBIX CUCTEM. CHCTEMBI
cOopa MaHHBIX U AaBTOMATHU3UPOBAHHBIE U3MEPHUTEIbHbIC
prOOPHI 3aMEHUIIN OOBIYHBIE Ta00paTOPHBIE HHCTPYMEH-
THI 7151 o0ecredeHus: O0JbIIeld TOYHOCTH PEe3yabTaToOB U
ObICTpOil 00paboTKK JaHHBIX. KOMIIBbIOTEpHOE MOACIHPO-
BaHHE COBMELICHO C CUCTEMaMHM YIPaBJICHUS PEabHOTO
BpPEMEHU, ¥ MOSBUIIACH BO3MOKHOCTD IPOBOJIUTH JKCIIE-
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MCCNEOOBAHUE CUCTEM YTPABJIEHUA SJIEKTPOMPUBOJAMMU...

PUMEHTHI B pekuMe anmnaparHoit cumyssinun (hardware in
the loop) [5-8].

JlaGopaTopHble pabOTHl Ha OCHOBE CHIIOBBIX MPeE0O-
pas3oBaresneii, yrpasisieMbIX KOMIIJIGKTaMH IJ1aT Ha Oa3e
MHUKPOKOHTPOJUIEPOB, MO3BOJISAIOT MPOBOIUTH ACTab-
HBIM aHAJIN3 TECTUPYEMBIX CTPYKTYp ymnpasieHus [9].
OTH CIOKHBIE CHCTEMBI TPEOYIOT OT YUAIIUXCS U3YUICHHS
MIPUHIIMIIOB IPOTPAMMHUPOBAHUSA B PEKUME PEATLHOTO
BPEMEHH U 3HAYNUTEIBHOTO yBEIMUCHHS BPEMEHH, HE0O-
XOAUMOTI'0O IOJId MOATOTOBKH SKCIICPUMCHTA. prFI/IM HC-
JIOCTAaTKOM SIBJISIETCS TO, YTO B JJAOOPaTOPHBIX paboTax Ha
0a3e MPOIECCOPHBIX IJIAT OOBIYHO HUCIIOIB3YOTCS MaJo-
MolIHbIe npeodpaszosarenu 1 MammHbl (1o 100 Br) [10],
MOBE/ICHHE KOTOPBIX CHJIBHO OTJIMYAETCsl OT peajbHBIX
MIPOMBIIIIEHHBIX YCTAaHOBOK, IMEIOIINX Ha MOPSIO0K OOJIb-
LIyI0 MOITHOCTh. YBEIMYCHHE HOMUHAJIBHONW MOITHOCTH
mpeoOpa3oBaTeNst U JABUTATeNsl, YIIPaBIIeMbIX IpoIec-
COPHOM CHCTEMOH PeanbHOTO BPEMEHH, MOKET NIPUBECTH
K aBapusIM H3-3a OIIMOKH MPOTPaMMHOTO O0ecTeueHus,
JIOMYIIEHHON CTYyAEHTOM IIPH €0 HAIMCAHUK U OTJIAJIKE.

Ha npakTrke cuctema ynpasieHHsl ABUTATEIEM COCTO-
UT U3 psijia CTaHAAPTHBIX 3JIEMEHTOB YIIPaBIeHHUs (TIPOTIOp-
IOoHaJIbHO-UHTerpaibHble (ITM)-peryasTopsl, CyMMaTopsl,
¢ubTphl U T. 1.). Ciie0BaTeIbHO, BMECTO CIIOXKHOTO ITPO-
IPaMMHUPOBAHUS B PEKUME PEAIBHOTO BPEMEHH CTPYK-
Typa YIpaBJICHUSI MOXKET OBITh JIETKO CIIPOSKTHPOBAHA C
TIOMOIIIBIO0 OTPAaHMYEHHOTO YHCIIa JIEMEHTapHbBIX OJIOKOB.
OJtHAKO 3TH 3JIEMEHTHI JOJDKHBI paboTaTh MO yIpaBIeHH-
€M eIMHOM 0a30BOH CHCTEMBI peajlbHOTO BPEMEHH, obecTie-
YMBas 3aLUTY JABUTATENS M CHIIOBOTO TIPeoOpa3oBaTes.

B mannoi1 pabote npuBeneHa peanu3anus yaeOHOro Jia-
60paToOpHOTO CTeHA, Pa3pabOTaHHOTO IS HCCIEIOBAHMS
CHCTEM YIPABJICHHS IEKTPONPUBOIAAMH. Y UeOHBII CTEH
COCTOHUT U3 aCPIHXpOHHOﬁ MalIWHbI 1 MAalllUHbI ITOCTOSIH-
HOTO TOKa, COCAMHCHHBIX BaJlaMH U ITUTACMBIX CUJIOBBIMH
peoOpa3oBaTeiiMU ¢ MUKPOKOHTPOJUIEPHBIM yIIpaBlie-
HueM. Crenj ciocoOeH o0ecnednTs Heprocoeperaomui
PEeXUM, PEKyIIepupysl SHEPTHIO U3 mpeoOpasoBaress Ha-
IPY304YHOM MalIMHBI B IPe0Opa3oBareb HCIBITYEeMON Ma-
LIMHBI, 1 HA000POT, B 3aBUCUMOCTHU OT PeXXHUMa padOTEHI.

YerpoiicTBO CHII0BOM YacTH

BonpmmHCTBO poM3BOAUTENEH 2EKTPOTEXHUUECKOTO
o0opymoBaHus Jisi OOYYEHUS U MOBBIIICHUS KBAIH(UKA-
1y, Takux kak Feedback-Instruments !, Terco?, Leybold?
u Lucas-Nuelle*, ncrion3yror Burareny ¢ HU3KOH HOMH-
HaJbHOW MOITHOCTEIO (00br9HO 300 BT), HO MaOMOIIIHEIE

! Feedback-Instruments [nexrponnslit pecypc]. Pexum 1o-
crymna: http://www.feedback-instruments.com, cBoGoHbIH. 3.
aHr1. (nara oopamenus 15.01.2020).

2 Terco — Technical Education Worldwide [DnekTponHbrit
pecypc]. Pexum nocryna: https://www.tercosweden.com, cBo-
OomHbIi. S3. anr. (mara oopamenus 15.01.2020).

3 LD Didactic [Dnexrponnstii pecype]. Pexum gocryna:
https://www.ld-didactic.de/en.html, cBoOomnsbIid. SI3. aHmI. (HaTa
obpammenust 15.01.2020).

4 Lucas-Nuelle Training Systems for Vocational Training
and Didactic [DnekrponHsIit pecypc]. Pexxum mpoctyna: https://
www.lucas-nuelle.com/index.php, cBoGoxHbIit. 3. anri. (gara
obpamenus 15.01.2020).

JIBUTATENIM UMEIOT JApyrue pabouyne XapaKTepHCTUKHU 10
CPaBHEHHIO C EKTPUIECKUMHU MallIMHAMH, HCIIOJIb3yEMBbl-
MH B [IPOMBIIUIEHHBIX YCTaHOBKaX. B ¢Bsi3u ¢ aTM nipous-
BOJIUTEIIN TIPEAJIAraloT CEPHIO CTEH/IOB C AJIEKTPOIIPUBOIOM
Juts 00y4eHns, B KOTOPOM JIBUTaTeN NMEIOT HOMHUHAIIb-
HYyI0 MOIIHOCTH | KBT, TaHHBIE CTEH/IBI NCTIONB3YIOT OYEHb
MPOCTOE YNPaBJICHNE JBUTATEIEM U IIPUMEHSIOTCS IS
UCCJIEZIOBAHUS TAPaMETPOB M XapaKTEPUCTUK IEKTpUUe-
CKOM MallnHbI, a HE JUIs UCCIEIOBAaHNS PabOThI CHCTEMBI
YIpaBJIeHUs HIEKTPOIPUBOJA. BhllienepeuncieHHble mpo-
0J1eMbI MaJIbIX MOILIHOCTEW OBUIM YYTEHBI IPH pa3paboT-
Ke JlaboparopHoro odopynoBanus. CTpyKTypa CHUIIOBOM
YacTH CTEH/a M0Ka3aHa Ha puc. 1, IJie NPUHSATHI Cleny-
romue 0003HaueHus: R, — TOPMO3HOH pe3ucrop; Brt,

Br— — BriBoab! 1 noakiaodenus: [IY k Topmo3Homy
pesuctopy; A, B, C — Bxognoe Hanpsixenue [14; U, V,
W — Boixogusle HanpsbkeHus [1H; OB+, OB— — BbIBOIbI

ITY ma o6MOTKY BO3OYXaeHus; S+, SI- — BeBogs! [TY Ha
obmoTky sikopst; PV1, PV2 — omsrmetpsr; PAL, PA2 —
aMIepMETPHL.

Crenn (puc. 1) ocHameH AByMs 3JIEKTPHYECKUMHU Ma-
IMHAMH: ACHHXPOHHOW MalIMHONH MOIIHOCTBIO 1,5 KBT 1
MAaIlIMHOM MOCTOSHHOI'O TOKa MOIIHOCTRIO 1,9 KBT. O6e Ma-
IIMHBI COETMHEHBI BaJlaMU M YCTAHOBIIEHBI HA OCHOBAHUU
cTeHsa. ACUHXpOHHBIH nBurarens (AJl) Obl1 BEIOpaH 1Is
YIpaBJeHUs U UCCIIEA0BAHUS HA CTEH/IE, TOCKOJIBbKY OH SIB-
JISICTCSL HANOOJIee MOIMYIISIPHBIM THITIOM YJICKTPHYCCKUX Ma-
IIMH, HCITOJB3YEMBIX B IPOMBIIIIICHHOCTH BO BCEM MHUPE.

CTeH]] OCHAIIIEH JBYMs CHIIOBBIMHE TIPEOOPa30BaATEIISIMH
Juist atanus Al m neurarenst moctostaHoro Toka (JII1T).
B kagecTBe OCHOBBI CHIIOBBIX ITpeoOpa3oBaTesiei HCTIONb-
3YIOTCSl HHTEIJICKTYaIbHBIE CHIIOBBIE Momyu Mitsubishi

Brog Ne 1 Beog Ne 2
Al B C| A| B C‘
Br+
& Br_ 4 M |oB-
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> = >
55 2
5= 3
=S 5
5] % 2
M > o
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Puc. 1. Ctpykrypa naboparopHoro crenaa: [T —
npeobpazosatenb yacToTbl; [IH — npeobpazosarens
Hanpsbkenus; JIH — naruuk Hanpspbkenust; 1T — narduk Toka;
JITP — natuuk nonoxenus poropa; TI' — Taxoreneparop
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D1-D7 — nmwoner; 2, 3, 4 — KOJIMYECTBO MEPEaBacMbIX CUTHAJIOB; P, N — BBIBOJIBI 3BEHA MMOCTOSIHHOT'O TOKA)

(IPM) Gnaromaps MX HaJeKHOM 3aIUTe OT TOKOB KOPOT-
Koro 3ambIkaHus. CTpyKTypbl peoOpa3oBarelisi HanpsiKe-
HUS U 4aCTOTHI NMOKa3aHbl HA pUC. 2 U 3 COOTBETCTBEHHO.
[IpeobOpa3zoBaresin ynpaBisiFoTCss BCTPOCHHBIM KOHTPOJI-
JIepOM, KOTOPBIF IPUHUMAET CUTHAJIBI 0OPATHBIX CBA3CH 1
peann3yeT HacTpauBaeMBIi AJITOPUTM YIIPABJICHUS U (QyHK-
nuu 3amuT. CucreMa ynpasieHHs peai30BaHa Ha MU-
kpokonTposiepe TMS320LF2406A u npeaHazHaueHa st
CHJIOBOH 3NIEKTPOHUKH, CHCTEM YIIPABICHHS IBI)KCHUEM H
YIIpaBjieHneM MPOMBITILIEHHBIX 00bekToB! . CHcTeMa mMeeT
yetbIpexkaHanbHeId AT (mngpo-ananorosslit mpeoOpa-
30BaTellb) U MOXKET IepeaBaTh JTI00YI0 BHYTPEHHIOO Tie-
PEMCHHYO Ha KOMITBIOTED IS JalibHEHIICH 00paboTKu 1
otoOpakenust. [1yabT yripaBieHus MOJKIIIOUEH K KOHTPOJI-

I Texas Instruments — Motor Drive and Control Solutions
[DnexTponnsIii pecype]. Pesxum goctyna: https://www.mouser.
com/pdfdocs/slyb165i.pdf, 2017, cBoGoausii. SI3. auri. (nara
obpammenus 15.01.2020).

nepy uepes untepderic CAN. CurHaiisl OT TaXoreHeparopa
(TT') 1 MHKpEeMeHTaIbHOTO JaTuMKa MOJO0XKEHHUS poTopa
(JITP) ucrionn3yroTest st 0OpaTHOM CBSI3H IO CKOPOCTH
u nosnoxkeHnto. O6e CTPyKTypbl UMEIOT JIaTYMK HaIpsi-
JKCHUS! B LIENH TIOCTOSIHHOTO TOKa M HECKOJILKO JaTYMKOB
ToKa A1 u3MepeHus Toka sikops T u Toka cratopa AL
[IpeobpazoBarens yacToTsl At AJl JOTIONHUTEIBHO OCHA-
IICH TOPMO3HOH IIETIBI0 JJIs1 KOHTPOJIS HANIPSHKCHUS 3BEHA
noctostHHOTO ToKa (3I1T).

CreHz OCHAIIIEH KOMITBIOTEPOM Tt cOopa, 00padboTku
U 0TOOpaXKEHUs Pe3yabTaTOB, MONYUYECHHBIX B PE3yJabTaTe
skcniepuMeHToB. Kommbtorep umeeT 16-kananpabid AT
¢ MakcuManbHOW yacToToi muckperusanuu 400 k' s
OJIHOTO KaHala cOopa JaHHbIX. Eciu auist skcrnepruMeHTa
UCHOJIb3yeTcsl Oojiee OJHOTO KaHalla, TO MaKCHMajbHast
4acToTa AMCKPETHU3ALUH JCIUTCS HA KOJMYECTBO aKTHUB-
HBIX KaHajoB. Ha KoMIbIOTEpE YCTaHOBICHO MPOTPaMM-
Hoe obecreuecnne (I10) PowerGraph, obecneunBaromiee
XpaHEHHE JAaHHBIX, 00pabOTKy CHTHAJIOB U OTOOpaKe-
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Puc. 3. DyHKIIMOHAIBHAS CXEMa MPEoOPa30BaTells YaCTOTHI JIJIsl ACHHXPOHHOTO ABHUrarelis (2, 3, 4 — KOJIMYECTBO MepelaBaeMBbIX
curHayioB; P, N — BBIBOJIbI 3B€HA MOCTOSTHHOTO ToKa; U, V, W — ob6o3HaueHue (a3 qBurareiei; «7°» — 0003Ha4eHIe
Tepmonpeodpasoaress )

HUE pe3ynbTaTtoB. KoMIbloTep Takke MCTIONb3yeTcs s
HACTPOMKHU CTPYKTYpHl ynpasieHus B cpexe MATLAB/
Simulink ¢ momompsio rpaduueckoro nurepdeiica mpo-
rpammupoBanus. JIrobas anekTpudeckas MalInHa, HaXo-
JsIasicss BHYTPU CTEHJA, MOXKET paboTaTh KaK «IIPUBOI»
B JIBUTATEIILHOM PEXHMME WM KaK «HArpy3ka» B IeHepa-
TOPHOM PEXUME.

YerpoiicTBO cHCTEMBI YIIPABJICHHS

B cBsi3u ¢ TeM, 9TO C MOMOIIBbIO JAHHOTO Y4eOHOTO
000pynOBaHUS PEANU3YIOTCS CIEAYIOUINE THIIBI YIPaB-
JICHWS: TIOYMHEHHOE PETYINPOBAHNE C OOPATHBIMH CBS-
3ssMu U [1M-perynstopamu; pa3oMKHYTO€ yIIpaBIEHUE
6e3 00paTHOH CBA3M; CHCTEMa YIPABICHHUS C PEIICHHBIMHI
peryIaTopaMu; CUCTeMa YIPaBJICHHS C OCIa0IeHUEeM OIS
U Apyrue BUIBI, TPYAHO IIPEACKa3aTh, KAKUE COCAUHECHHUS,
MEPEKIIFOYATEITH U HACTPOUKH TOJDKHBI OBITh PeaTi30BaHbI

I'TOCT 6651-94 TepMomnpeoOpa3zoBaTei CONPOTURICHHS.
Oobume TexHUuYecKue TpeOOBaHUs U METO/IbI HCTIBITaHUH. BBeneH
01.01.1999. M.: U3narenscTBO cTanaaptos, 1998. 31 c.

B ynpasistoniee [1O qis ux peanuzauuu. Jlannas 3ana-
Ya pelieHa ¢ MOMOIIbI0 KOH(QUTYPUPYEeMOH CTPYKTYpPBI
yHpaBlIeHUs, UMEIOLIEH Pl CTAHAAPTHBIX DJIEMEHTOB
ynpasieHus. CTyIeHT HaCTpauBaeT CUCTEMY YIPaBICHUS
UCIOJIB3YS MyNbT YNPABIEHUS, BCTPOCHHBIN B CHIIOBOI
npeoOpazoBarenb. [locie 3aBepIneHust HACTPOWKH CHCTEMa
YTpaBJICHUs JOJKHA OBITH CKOMIHMIMPOBaHA BCTPOCHHBIM
10O, rae Bce coeMHEHNUs 3aMEHEHBI HHCTPYKIUSIMH 10
KOTIMPOBAHUIO TaHHBIX, a KaKIbIA JIEMEHTAapHBIA OJI0K
3aMEHSETCSI MHCTPYKIMSIMH BbI30Ba 3TOW (yHKIHUI.

JlaHHBII M01X01 00eCIIeYMBAET KOMITHIISAIMIO 0a30BOit
CHCTEMBbI YIIPaBIICHUS, KOTOPasi BBIIIOJIHACTCS BHYTPU 00-
paborunka npepsiBanus IHVM (IupoTHO-UMITYIBCHOTO
Moxyisitopa). OHa B3aMMOJEHCTBYET ¢ 000pyJ0BaHNEM
yepe3 BXOAHBIC U BBIXOJHBIC IIEpeMEHHbIC 0e3 yJacTus
HU3KOYPOBHEBBIX METOJIOB. DTO O3HAYAET, YTO (YHKIUH
3aIIUTHI MOTYT OBITh PEATTM30BAHBI HE3ABUCHMO.

B I1O mmst mpoexTrpoBanus cucteMs! ynpasienus 11T
pEaM3yrOTCs JJIEMEHTBI YIIPABICHUS, TAKAE KaK TTOJICHCTE-
Ma yIpaBlieHus peodpasosarenem; snemedT L{AIT; mox-
cucrema BHyTpeHHero ALIIT muxpokoHTposiepa; 3a1aTIiK
MHTEHCUBHOCTH.
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Hampumep, cucrema ynpaBiaeHUs aCHHXPOHHON Ma-
IIMHOW MMEET JIOTIOJIHUTEIbHBIE 3JIEMEHTHI YIIPABJICHUS,
CBsI3aHHBIC ¢ 00PabOTKOM EePEeMEHHOTO TOKa:

— TIOJICHCTEMa yIPABICHUS TPeX(a3HBIM HHBEPTOPOM
(B Hell 3a7al0TCsI HOMAHAJBHBIC HAIIPSDHKEHUS B He-
MTOJIBIDKHBIX KOOPAWHATHBIX OCSX; ITOACHCTEMa TOJ-
JlepKUBaeT 4eTbipe pazanuHblx Tuna HINM, takux
KaK CHHYCOHJAJTbHAA M MPOCTPAHCTBEHHO-BEKTOPHAS
MOTYIIALINSA);

— Qyskuus u(f);

— MHTErparop Juisi Ipeodpa3oBaHusi CKOPOCTH B yTOJ;

— 0ok (ha3HBIX PeoOpa3oBaHuii;

— 010K 00paTHOTO KOOPAWHATHOTO Pe0Opa3oBaHus;

— Tpu 0J0Ka KOOPIMHATHBIX ITPe00pa30BaHHH;

— OJIoK 1peoOpa3oBaHMs U3 HETOIBHUKHBIX KOOPAMHAT-
HBIX OCEH B aMIUTUTYIy U YTOIT;

— HaOIoaTels MOTOKOCHETUICHUS POTOPa [Tl BEKTOPHO-
TO yIpaBJIeHUS (C UCTIONB30BaHIEM CKOPOCTH M TOKOB);

— HaOMoIaTeNh MOTOKOCIICTIICHNS CTaTOpa ISl IPSIMOTO
YIpaBICHUS MOMEHTOM.

[Ipumep cucTemsl BEKTOpHOTO ympaBieHus 11t All,
BBIMOJHCHHBIN Ha 0a3¢ CBOOOIHO KOH(PUTYPUPYEMBIX dJIe-
MEHTOB, TTOKa3aH Ha puc. 4.

CrpykTypa npeodpasyeT n3MepeHHbIe TOKH M3 TpeX-
(a3Hol cuctemMbl B AByX(]a3Hyr0 U BKIIOYaeT B ceOs Ha-
OJrozaTesib MOTOKa, MPeoOpa3oBaHNe M3 HETOABHKHOM
CHCTEMBI KOOPAMHAT B aMIUIUTYLy M YTOJI, IpeoOpa3oBaHue
3HAUCHHI TOKa CTATOpa W3 HEMOABMKHOW BO BpaIlaro-
IIYIOCS CHCTEMY KOOPIMHAT, YeThIPE PETYIATOpa MOTOKA,
CKOPOCTbH H JIBE COCTABIISAIOIINE TOKA, IPeoOpa3oBaHUE M3
BpAaIIaroMIecsl CHCTEMBI KOOPAWHAT B HETIOABIKHYIO U
HEKOTOPBIE BTOPOCTEIIEHHBIC JIEMEHTHI IS TOTyYeHUS
3aaHAsI MOMEHTA OT IOTCHIINOMETPA.

HacTtpoiika cuctemMsbl ynpaBieHust

CrpykTypa cucteMsl ynpasineHus (puc. 4) HacTpanBa-
eTcsl ¢ TOMOIIIBIO ITyIIbTa yrpaBieHus. Hactpoiika HaumHa-

eTcs ¢ KOH(UTypaluH BceX HEOOXOAMMBIX CBS3EH MEkKITy
JJIEMEHTaMH, a 3aTeM HaCTPauBaIOTCs IapaMeTphl DIIEMEH-
TOB. HacTpoiiky cucteMsl yIpaBieH s pealiu3yioT U TECTH-
PYIOT MOCIIeI0BaTEIbHO, HAYHHAsK C BHYTPEHHUX KOHTYPOB
ynpasienus. YacTe CTpyKTyphl, BRIOpaHHAS TSI peain3a-
IIMM Ha MIEPBOM 3Tare, 0003HaUYeHa IyHKTUPHOMN JTHHHUEH.

Ha puc. 4 npunsaTe cnenyromue o6o3HaueHus: ¥ —
HOTOKOCHEIUIEHHE; ¥y, — 3aJaHHOE TTOTOKOCLEILICHHE;
V', — IOTOKOCLICTIIEHUE POTOPA; iy, 5, — 3aJAHHOE 3HAYC-
HHE TOKA 110 OCH X} i, — TOK 110 OCH X} gy, 5, — 3aAaHHOE
3HAYCHNE TOKA [0 OCH V; ), — 3HAYCHHUE TOKA [0 OCU V; UV,
Off — KOOPAMHATBL, Uy, Uy, U, Ug — HAIPSIKEHUSL 10 OCH X,
¥, 0, P COOTBETCTBEHHO, UV — 0§ — OJIOK IpeoOpa3oBaHuUs
KOOPJMHAT; Oy, — yroJ MOTOKOCLEIUICHHS POTOPA; 0 —
CKOPOCTb 3a/laHHast; ® — cKopocTs; V), W,g — nmpoexiyu
MOTOKOCIICTUIEHUSI POTOpa Ha OCH 0, 3 COOTBETCTBEHHO;
aff— m0 — Gok mpeoOpa3oBaHUsA B MOSAPHYIO CHCTE-
My KoopauHar; mf — KoopAuHaTbl; [, — TOK CTaTOpa;
la — 3navenue Toka i, B (pasze a; /b — 3HaUCHNE TOKA i)
B daze b; ab — aff — 610k MpeoOpazoBaHUs KOOPIIHAT;
Lo irﬁ — TOK POTOpa MO OCSM KOOPAHWHAT 0., [} COOTBET-
CTBEHHO; 0 — uv — OJIOK peoOpa30BaHUsI KOOPIHHAT;
PIT — perymnsrop nonoxenus; PC — perynatop ckopocTy;
PTx — perynstop Toka no ocu x; PTy — perynstop Toka
TI0 OCH .

Tomonorust CTPYKTYpbl YIIPaBIEHHUs ONHUCHIBACTCS Ha-
6opoM CBsI3el MEXK/Ty IIEMEHTaMH YIIPaBJICHUS, IIPE/ICTaB-
JICHHBIMH B Ta0JIHIIE.

B Tabnune mnpuHATH cieayionie 0003HAYCHHS:
[INP2.3an — curnan 3aganus [IU-perynsaropa;
I[INP2.0c — Bxox obpatHOH cBsi3u ocu [IM-perymaropa;
Koncrl — 3amannas nepemennas; [IMP2.BpIx — BBIXOI-
Hoe 3HaueHue [IM1-perynsropa; Kopp. — komneHcanus
konebanuii; Vo — HanpsKkeHUe NOCTOSHHOTO TOKa;
[INP2.max — BepxHssa rpanuna nepemennoit INP2;
[MUP2.min — HwxHAA Tpanuna nepemennoit [MNP2;
SVPWM — npocTpaHCTBEHHO-BEKTOpPHAs IIMPOTHO-UM-
IyJIbCHAst MOAYJISIKSL; K, — NPOOPLMOHAIbHBILI Koo u-

., TTH-perynaTo] i L w— &E _________ |
50% —y PPl L frint-peryrrop| tu, U :
[} M - Lox 1 u,v - !
= YJIBTUILIIEKCOP PIT I > |
z N Koncranra 1 PTx ! Husepton| !
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Puc. 4. CtpykTypa BEKTOPHOM CHCTEMBI yIpaBlIeHUs, cOOpaHHasA U3 CBOOOIHO KOHOUTYPUPYEMBIX JIEMEHTOB
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Tabauya. HacTpoilku CHCTEMBI yIIpaBIeHUS

Howmep crpoku HasBanune nepemeHHO 3HaueHne Enuauner usmepeHust
1 ab — af.a la CBs3b
2 ab — af.b 1b CBs13b
3 af — uvl.a ap.o Cai3b
4 af — uvl.p ap.p Cas3b
5 apf — uvl.0 Komnerl Cai3b
6 TTUP2.3ax AIII3 CBsI3b
7 IT1P2.0c oy — uvl.y CBsi3b
8 uv — of.u Koncrl CBsi3b
9 uv — af.v [T1P2.BBIX CBi3b
10 uv — 0.0 Koncrl CBsi3b
11 HM.a uv — of}.o CBsi3b
12 NM.B uv — of.p CBs13b
13 IIAITL TTNP2.BBIX Casi3b
14 Tun IIUM SVPWM Ilepeuncnenne
15 Kopp. Vpe Ja [lepeuncnenne
16 [I1P2. K, 1,00 —
17 T1P2. K; 0,0 Y%lc
18 IM1P2.max 100,0 %
19 TTP2.min —-100,0 %
20 Koncrl 0,0 %

muentT [1U-perymnsaropa; K; — HHTErpajbHbIi KOQGUIHEHT
[IN-perynsTopa.

Hamnpumep, curnasst /a u Ib 00parTHOii CBS3M 10 TOKY
OT JIATYMKOB TOKA CBS3aHBI C BXOJaMH OJIOKa (ha3HOro mpe-
oOpazoBaHus «ab — af». DTH CBS3U ONKCaHBI B CTPOKaX
1 u 2. Beixon Gioka ¢asHoro npeoOpa3oBaHHs CBSI3aH C
0JI0KOM KOOpAMHATHOTO MpeoOpazoBaHust (CTPokH 3 u 4).
VYron moToka poTopa 3agaeTcsl paBHBIM HyITIO (CTpoka 5),
JUISL 9ero TOKITIoYaeTcs K KoHCcTaHTe. Brixox ocu y mox-
KITIOYEH K BXOIy oOpartHoii cBsi3u ocu y [IU-perymaropa
(ITN-perymsarop 2), a curHAI 3a1aHUS TOKA JIJISI CHCTEMBI
YIpaBICHUS, TOTYUYECHHbIH OT BHEIIHETO MOTEHIIMOMETPA,
nepenaercs o kaHary ALII3 (ctpoxu 6 u 7). Beixon ITH-
peryisTopa OCH y U3 Bpallaloueiics cuCTeMbl KOOPAXHAT
JIOJDKEH OBITH MTPeoOpa3oBaH B HEMOJBUKHYIO CUCTEMY.
Och x He 3aJieiCTBOBaHA B YIPOUIEHHOW CTPYKType, MO-
9TOMY BXOJaM C TIOMOII[bIO KOHCTAHT 3aJaeTCsl HyJIeBOE
3Ha4YeHMe, KaK Moka3aHo B cTpokax 8, 9 u 10. Curnanst
YIpaBJICHUS 110 OCSAM o U 3 ozkiroueHs! K omoky [IIINM,
KakK MOoKa3aHo B cTpokax 11 u 12.

Hccnenyemast CTpyKTypa yrpaBieHHs JOJDKHA oOecTie-
YMBaTh HAOMIONEHNE 32 BHYTPECHHUMH NEPEMEHHBIMH CH-
ctembl. Hampumep, monesno Habmonars 3a Bbrxomom [1H1-
perynstopa ocu y. s 3TOM LieJM MOXKHO MCIOJIb30BaTh
BcTpoennslid LIATT npeoGpasoBaresst 4acTOThI. DTO COeTH-
Henue Mexay BoeixonoM LIAIT u Beixomom [TU-perynsitopa
oTtobpaxaercs B cTpoke 13. DTa cTpoka 3aBepuaeT no-
CTPOEHUE TOTIOJIOTHH YIPOILICHHON CTPYKTYpHI yIpaBJiie-
Hust. ClenyromuM eficTBUEM 10 HaCTPOHWKE CTPYKTYpPbI
yIIpaBJICHUS SIBJSIETCS] HACTPOWKA [TapaMeTPOB 3JIEMEHTOB.
CuroBoit mpeoOpa3oBaTeib, UCIOIB3yEMBIN ISl THTA-

HUSI IBUTaTelIsl, MOKET HMETh Pa3IMYHble KOH(PUTYpaLUK
IMNM: cunycounansayto MM, npocTpaHCTBEHHO-BEK-
topHyto HIWM, Bekropryro HIVM ¢ npuBs3Koil y I0n0xu-
TenpHOM K otpunarenbHoi muHbl 3I1T. Komnencanus
KoJIeOaHNH HANpPSDKEHHS TIOCTOSIHHOTO TOKa MOYKET OBITh
BKJIIOUCHA MJIM BBIKIIIOUeHA. BBIOOp 9THX HacTpoek mpe-
oOpasoBareJst MPUBEICH B CTpokax 14 u 15.

Hacrpoiiku napamerpos [IU-perynasitopa nokasansl B
ctpokax 16-20. [l IT1-perynsaTopa IMEIOTCS HACTPOHKH
YHUCIIOBBIX 3HAYEHMI MMapaMeTpoB, TUANa30H BO3MOKHBIX
OTKJIOHEHUH U X eAuHULbI u3Mepenust. Hanpumep, npo-
HOPUHOHAIBHBINH KO3()(UIMEHT yCTaHOBJIEH PaBHbBIM 1,
TOTJa KaK MHTErpaJbHbIi KOd()PUIUEHT yCTaHOBJICH
PaBHBIM HYJIO NI IEPBUYHON HACTPOUKHU PErynasaropa.
MuHNMaIbHbIEe 1 MAaKCUMAJIbHbIC 3HAYSHHS OTPaHUYCHUS
YCTAHABJIMBAIOTCS B COOTBETCTBUU C MUHUMYMOM U Mak-
CUMYMOM HHBEPTOpA.

ITocne ycnenHoro 3aBeplieHUs HACTPOUKH CUCTEMBI
yIpaBlIeHHs CIIUCOK CBSA3€H U HACTPOEK UCIIONIB3YETCs IS
KOMITMJISILIMY SIApa CUCTEMBI YIPABIECHUSI KOHTPOJUIEpa ¢
MTOMOIIBI0 BCTPOEHHOTO KoMImisiTopa. CHadana KOMIH-
JATOP ONpPENENseT UCTOYHUKHU JaHHBIX, JOCTYIHBIE IS
00paboTKH, ¥ TEHEPUPYET KOMaH/1bl KOIMPOBAHMS TaHHBIX
13 DTHX UCTOYHHUKOB. Ha ciemyronieM mare KOMIHIATOP
reHepUpyeT KOMaH Il BbI30Ba (DYHKIIMI COOTBETCTBYIOIIMX
9JIEMEHTOB, UMEIOIINX TTOJHBII HA0OP BXOIHBIX JaHHBIX.
KaxapIil aneMeHT umeeT aapec B MaMATH IIPOrpaMM, 110
KOTOPOMY OH MOJKET OBITh BBI3BaH, M (iar TOTOBHOCTH.
®drar MOXKeT IpUHKUMATh 3HaueHue «0» uian «1» koraa KoM-
MUISATOP TEHEPUPYET KO sl UCIOIHEHHs] KOHKPETHOIO
JJIEMEHTA B IPOTrpaMMe YIIPaBICHUS.
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Puc. 5. Aaroputmbl paboThl KOMITHIISITOPA sIApa CHCTEMBI YIIPAaBJICHHs: OCHOBHOH (a); MOUCKa CBs3el (6); moncka (pyHKIHOHATbHBIX
01o0KoB (8)
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AJroput™ paboThl KOMITUIISITOPA sIJIpa CUCTEMBI yIIPaB-
JIeHUs TIOKa3aH Ha puc. 5, a. KoMmuisTop BBIOIHSET 110-
WCK CBSI3€l ¢ TOTOBBIMU JAHHBIMH JUISI KOMIMJISIIUK KOJia
JUIsl X KONMpoBaHus (puc. 5, 0), a 3aTeM MOUCK JICMEHTOB,
Y KOTOPBIX JTaHHBIE Ha BXOJAX YK€ ONPE/ICIICHBI, IS MOy
YeHHS KOJla BBI30Ba (PYHKIHHA 3JIEMEHTOB (pHC. 5, 8). OTH
OIIEpaIy TIOBTOPSIFOTCS 10 TEX MOP, MOKA ITOMCK 3IIEMEH-
TOB HE JIaCT HYJEBOH pe3yibTaT. DTO 03HAYAET, YTO KOM-
MUISLMS IPOTPaMMBI YIIPaBIEHH 3aBeplleHa. Bech ko,
CO3/1aBaeMbIil KOMITHJISITOPOM, B UTOT'E COJICPIKHT OTEpaliiy
KOIIMPOBAHUS IaHHBIX M OTEPallK BbI30Ba (PyHKIMIA die-
MeHTOB. [Ipumep creHeprpoBaHHOIO Koja Jjisl yIpOLICH-
HOM CHUCTEMBI yIpaBJeHus MoKa3aH Ha puc. 5. Komnustop
M3HadaJIbHO (POPMUPYET KOJ KOIIMPOBAHUS JaHHBIX, HC-
nosb3yst pyHKImK nporpammsl «ldp» u «bldd» s Bcex
JIOCTYIHBIX Ha ATOT MOMEHT MCTOYHHMKOB JIaHHBIX. Korma
KOITMPOBAHNE TOTOBBIX MCTOYHUKOB JIAHHBIX 3aBEPIICHO,
KOMIIMJISITOP TeHEPUPYEeT KO JUIS BBIOJIHEHUS (PyHKINH
COOTBETCTBYIOIIETO AJIEMEHTA, UCIONb3ys (DYHKIHIO MPO-
rpamMMBl «call», IMeronIyIo oTHbBIN HaOOp BXOAHBIX JaH-

HbIX. Kommmuisitop hopMupyeT Koji KOMpoBaHUsI JaHHBIX
Y KOJ| BHITIOJIHEHHS /10 ITOJTHON KOMITWIISILIUN CTPYKTYPBI
cucteMsl ynpasineHus. Ha puc. 5 npuHaATH caeayromiue
o0o03HaueHuss — m, n, S — MEPEMEHHBIC, UCTIOIb3YEeMBbIC
B TIpOrpaMMe.

JKcnepHMeHTA/IbHbIE Pe3yJIbTaAThI

Hccnenosanue ynpouieHHoii cucTeMbl ypaBJieHus.
Pesynbrar paboThl YIPOLIEHHONH CHCTEMBI yIIPaBICHUS
nokasaH Ha puc. 6. Kaxzplil rpadguk oroOpaxaer TOKu B
Tpex Gaszax gBurarens (ig, iy, ic) U 3aJaHUe HAIPSDKSHUS
st OCH (Uy, 55,), TIOTYdeHHOE ¢ BbIxona [IM-perymsitopa.
3amaHue TOKa, NOCTYMAKoIIee OT MOTEHIMOMETpa, yCTa-
HOBJICHO PaBHBIM 5,7 A, mpomopruoHaIbHBINA K03PPu-
nueHT perymsatopa — 1,0, a UHTerpanbHBI 00HYICH.
YopouieHHas cucTeMa ymnpaBlIeHHsI CO3JaeT TOK IO OCH,
KOTOPBIN BO3HUKAET TOJBKO B (azax B u C, Torna Kak ToK
B (hasze 4 Onm3ok k Hysr0. [lepexomublil mporecc puc. 6, a
3aTSHYT, YTO TOBOPUT O HEOOXOJMMOCTH HAaCTPOWKH pe-
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Puc. 6. TlepexoaHble MPOLECCH TSl YCEUEHHOM CTPYKTYPbI CHCTEMBI YIIPABICHHUS: €CIIH HHTErPaIbHbIH K03(GHUIIHEHT 00HYIIeH,
TO MPONOPLHOHATBHBIN Koaduiuent paser: 1,0 (a); 4,0 (6); 8,0 (8); ecnu nHTErpasIbHBIN KO3 GUINEHT HACTPOCH,
TO MPOTIOPIMOHATBHEIN Koddduient pasen 4,0 ()

Hay4yHO-TeXHNYECKUIN BECTHUK MHDOPMALMOHHbBIX TEXHOIOM A, MEXAHUKN U ONTUKMN,

298

2020, Tom 20, Ne 2



A.C. AnyuuH, ILJ1. Jemnposa, tO. Baranos, P. CTxxeneukn

rynstopa. KonebaHust OTCyTCTBYIOT, @ yCTaHOBHBIIIEECS
3HAYEHUE MEHBIIIE, YeM 3aJJaHHOE, U3-3a OTCYTCTBUS MH-
TerpaibHoii coctaBisitoien [TU-perynsropa.

Hactpoiika [IN-perynsaropa siBIsieTCs 4aCTbIO JKCIE-
pumenTta. OXHUgaeTcs, 4TO CTYICHTH OyAyT yBEIUYNBATH
MPOTIOPIINOHATHHBIA KOIP(PUIHECHT PETYIITOpa TOKAa U
HECKOJIBKO pa3 BBIMTOIHAT OMBIT PEAaKIINH HA CKAadOK 3a-
nmanus. Ha puc. 6, 6 moka3aH mepexoJHbId IpoIece s
MPOIMOPIIHOHAIBHOTO KO3 dunnenta pasHoro 4,0, a Ha
pHcC. 6, 8 — TEPEXOAHbIC MIPOIECCHI AJIS TPOTIOPIIHOHANb-
HOTO KO3 duinenta pasHoro 8,0. [Ipu 3TOM 3HAYCHHUH
HPONOPLUUOHAIBHOTO KO3PPHUIIMEHTA MOSIBUIINCH KOJe-
OaHusl, T. €. CHCTEMa OKa3ajach Ha I'PaHU yCTOWYHMBOCTH.
B nanHoM cityuae TpeOyeTcs BepHYThCs K KOdpduIeHTy
paBHoMy 4,0 ¥ HACTPOUTH MHTErPAIBHBIN KOIPPHUIUCHT.
WnTterpanbHblii KOAQQUITMEHT peryasTopa TOKa yBEIn4Hn-
BaeTCA JIO TEX IOp, MTOKA CTAOMIBHOCTD CHCTEMEI COXPaHs-
eTCsI Ha TIPUEMIIEMOM YPOBHE, KaK TIOKa3aHo Ha pucC. 6, .

Hacrtpoiika peryasaTtopa noroka. Ha cienyromem
JTare B CUCTEMY IOJDKHBI OBITH JOOABIICHBI PETYIATOP
MOTOKa W HaOMroaaTens moToka poropa. OKuIaeTcs, 9To
napaMeTphl JBUTATENS yXKEe U3BECTHBI, U CTYJACHTHI MOTYT
UCIIOJIB30BATh MX JUIsl HACTPOMKN HaOIIIoAaTeNss NOTOKa
potopa.

O1eHKy NIOTOKa POTOpa MOYKHO HaOMIONATh C TOMOIIBIO
IAII. YpoBHM HaCBIIIEHUS PETYNATOpPA OTOKA YCTAaHOB-
seHbl paBHbIMU 100 % OT HOMHHAJIBHOTO TOKa JBUraTe-
751, 3a1aHNe TOKa TI0 OCH ) YCTAHOBJICHO PaBHBIM HYJIIO.
[TepexomHble MPOLIECCHI AT PEaKIIUU CHCTEMBI Ha CKa90K
3a/laHusl MOKa3aHbl Ha puc. 7. B Hauane mycka peryisiTop
MTOTOKA HAXONWTCS B HACBHIIICHHUH, U, CICIOBATEIHHO, HA
peryasTop TOKa ImojaeTcsl MakCuMalbHOe 3aaanue. [Toka
TOK OTPaHMYCH MAaKCHMAaJIbHBIM 3HAUCHHEM, PacueTHOE
MOTOKOCIIETVICHHE POTOpa PacTeT A0 3aJaHHOTO 3HAYCHHUS.
3aTeM TOK yMEHBIIAeTCA M0 YCTAaHOBUBILIETOCS 3Ha4e-
HUS [T TOAJICpKaHU HOMHUHAJIBHOTO MTOTOKOCIIETIIICHHUS.
Perynsarop nmotoka ocraercs cTaOUIbHBIM MPU OTHOCH-
TEJIFHO BBICOKUX KOA((HUIMEHTaX B MPONOPLUHUOHAIEHOM
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Puc. 7. IIpoBepka paGoTHI peryisTopa MOTOKOCHCTIIICHHS
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Puc. 8. HamarunuuBaHnue ¥ 1ycK 3JeKTpOBUTaTelIs

1 MHTETPAIFHOM KaHajax. TOK paBeH TOKy B (aze 4, moka
JIBUTaTellb HE HAUHET BPAILAThCSL.

IIpoBepka nmo/HoO# cucTremMsbl ynpasiaeHus. [locie
OTJIAIK KOHTYPOB TOKa W MOTOKOCHCIIJICHUSA B CUCTEMY
BBOJIUTCSI PETYJISITOP CKOPOCTH, KOTOPBIH (hopMHpYeT 3a/1a-
HHE MOMEHTOO0PAa3yIOIIero Toka U 00ecreunuBaeT padoTy
ACHHXPOHHOTIO JBUTaTeNs Ha 3aJJaHHOM CKOPOCTH. 3aIyck
JIBUTATENISI C PETYISTOPOM CKOPOCTH JOJIKEH IIPOBOJUTHCS
B /IBa dTara:

1) HaMarHUYMBaHUE JIBUTATEIS, KOI/IAa OTOKOCIIEIUIe-
HHE POTOPA JOCTUTACT 33aHHOTO 3HAYCHHS;

2) peXHM PETYINPOBAaHUI MOMEHTA U CKOPOCTH.

[lepexoanblil mpoLece 3amycka JBUraresl IoKa3aH Ha
puc. 8.

3akJaruenne

PaccmoTrpenHnoe yuebHOE abopaTtopHOE 000pyIO-
BaHHE pa3pabOTaHO M W3TOTOBJICHO LIS TaOOPATOPHBIX
UCCIIEIOBAaHUH CHCTEM YMPABIICHUS 3JIEKTPOIPUBOJIOB.
[Ipu ero co3gaHuy NpUMEHEH JBYXMAIIMHHBIA arperar,
B KOTOPOM 3JIEKTPOABHUIATEIN MUTAIOTCA OT CHIOBOTO
npeoOpasoBarelisi CO BCTPOCHHOW MHUKPOKOHTPOJUICPHOM
cucteMoii yrpasineHus. CTeHbI MOTYT OBITh HCIIOJIB30-
BaHbI IJId UCCIICAOBAHUA pa3JIMYHbIX CUCTEM YIIPaBJICHUSA
ACUHXPOHHBIMH JIBUTATEIISIMU U JIBUTATEISIMU TTOCTOSTH-
Horo Toka. IIporpamMmmHoOe obecrieueHre, BCTPOCHHOE B
MHUKPOKOHTPOJIIEP, 00ECHEUNBACT 3aIINUTY 000PYyI0BAHUS
W TIPE/IIaraeT psijl BIEMEHTOB YIIPABICHHSI, HCIIOIb3YEMBIX
CTYJICHTaMH JJISl CO3AaHNsI COOTBETCTBYIOUIECH CTPYKTY-
pBl yHpaBieHus Uil JaJlbHEHIIEero uccuegoBanus. Takoi
moaxox obecrednBaeT O6e30macHOe BBITIOTHEHHE Jabopa-
TOPHBIX PabOT U CIIOCOOCTBYET MOHUMAHHIO CTYACHTAMU
TEOpUH, U3YUECHHOH B XOJC JICKIIMOHHBIX U CEMUHAPCKUX
3arssTuid. CTEHIbI BHEAPEHBI Ha Ka)eape aBTOMATU3HPO-
BaHHOTO 31ekTponpuBona HUY «M3W». JlabopaTtopus
UCIIOJIB3YeTCsl JUIsl TPOBEACHHUS padoT 1o Kypcy «CUCTeMBI
YIpaBJICHUS NEKTPOIPHUBOAOBY B MarkucTparype YHUBEp-
cHuTeTa.
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